Six yeast strains isolated from olive oil sediments and spoiled olive oils originating from Slovenia and Portugal, respectively, proved to represent an undescribed yeast species based on DNA sequence comparisons. The analysis of gene sequences for internal transcribed spacer regions and the large subunit rRNA gene D1/D2 domain placed the novel species in the genus Kuraishia in a subclade containing Kuraishia capsulata, the type species of the genus. Although the novel species is well separated genetically from the recognized species of the genus, only a minor phenotypic difference differentiating it from Kuraishia capsulata and K. molischiana was observed. Relevant to its isolation source, no lipolytic activity was detected in the strains of the novel species. To accommodate the above-noted strains, Kuraishia mediterranea sp. nov. (holotype: ZIM 2473 T ;
The olive-oil-rich diet characteristic in many Mediterranean countries provides different health benefits, especially in relation to cardiovascular disease [1] . Despite its huge dietary and economic importance, it has only recently been recognized that freshly prepared olive oil can contain a rich microbiota, including yeasts [2] . Yeast cells are attached to solid particles or are entrapped in microdroplets of vegetation water [2, 3] . During the sedimentation period, the plant material suspended in the olive oil migrates to the bottom of the tank where it forms a sediment [2] . Therefore, the sediment is a promising substrate for the isolation of yeasts associated with olive oil. Olive oil and its by-products, including sediment, have recently turned out to harbour numerous novel yeast species, including methanol-utilizing ones [4] . The genus Kuraishia is one of the three ascomycetous genera to which the majority of methanol-assimilating yeast species are assigned. It was erected, based on the analysis of partial small subunit and large subunit (LSU) rRNA sequences, to accommodate Pichia capsulata and thereby to reduce the polyphyly of the genus Pichia [5] . Recently, it was reported that the genus Kuraishia belongs to the Pichiaceae clade by phylogenomic analyses [6] . In the latest edition of The Yeasts, a Taxonomic Study, only two species, Kuraishia capsulata and Kuraishia molischiana, were treated [7] . Since then, Candida borneonana [8] , nested in the Kuraishia clade, and Kuraishia piskuri [9] have been described. As a result of a multigene phylogenetic analysis in the latter contribution, in accord with the Melbourne code [10] , C. borneonana and four additional phylogenetically related species of the genus Candida were also transferred to the genus Kuraishia, which now contains teleomorphic yeasts as well as yeast species in which ascosporulation has not yet been observed.
In the present contribution, we report the isolation of six ascosporulating yeast strains from olive oil sediment and spoiled olive oil. According to the phylogenetic analysis of the internal transcribed spacer 1-5.8S rRNA gene-internal transcribed spacer 2 (ITS) regions and the LSU rRNA gene D1/D2 domain, these strains are nested in the Kuraishia clade. Therefore, a novel species of the genus Kuraishia, Kuraishia mediterranea sp. nov., is proposed to accommodate them.
ORIGIN AND PHENOTYPIC CHARACTERIZATION OF STRAINS
The strains investigated in this study (Table 1) were recovered from olive oil sediments in Slovenia and from spoiled olive oils originating from Portugal. The strains from sediments were isolated as described previously [11] . Spoiled olive oils were processed by spreading 0.1 ml oil onto the surface of Rose-Bengal chloramphenicol (RBC) agar (Merck) with a glass loop or by placing an 80 mm diameter sterile filter paper (Schleicher and Schuell) impregnated for 1 hour with 1 ml olive oil on to the surface of RBC agar. The application of the latter method enabled the isolation of yeasts in some cases when their number was too low to be recovered from 0.1 ml oil. The plates in both cases were incubated at 25 C for 7 days in darkness and then one to a few yeast strains representing each colony type were picked and purified by repeated streaking on glucose-peptoneyeast extract agar (GPYA). The strains isolated were characterized with standard methods [12] . Formation of ascospores was studied in each culture on the following sporulation media: acetate agar, corn meal agar (CMA), 'Spezieller N€ ahrstoffarmer agar' (SNA), potato-dextrose agar (PDA), 2 % malt extract agar (MEA), GPYA, yeast extract-malt extract agar (YM), V8 agar, diluted (1 : 9) V8 agar, yeast-carbon base (YCB) agar and yeast-carbon base agar supplemented with 0.01 % ammonium sulphate (YCBAS). The composition of the sporulation media was provided previously [12, 13] . The cultures were incubated at 25 C and examined weekly by microscope for 3 weeks. As lipase-producing yeasts can exert negative effect on the sensory characters of olive oil, lipolytic activity was investigated by previously described methods [14, 15] .
PHYLOGENETIC ANALYSIS
The D1/D2 region of the LSU rRNA gene and the ITS regions of the strains isolated from olive oil sediments in Slovenia were amplified as described previously [11] and sequenced by a commercial sequencing facility (Macrogen, Seoul, Korea). The DNA fragments for the strains from spoiled olive oil samples from Portugal were amplified according to previously described methods [16, 17] , and the sequences were determined by another commercial sequencing facility (Biomi, Hungary). Sequence similarity searches were performed against the GenBank sequence database using the BLAST 2.6.1 database search program [9] , P eter et al. [17] and Kurtzman et al. [25] . ‡D1/D2, D1/D2 domain of the LSU rRNA gene; ITS, internal transcribed spacer including the 5.8S rDNA region. §Sequence identical with relevant fragment of HE799687.
[18]. The sequences generated during this study along with the sequences of reference species retrieved from GenBank (Table 1) were aligned and a phylogenetic tree was reconstructed from the concatenated ITS and D1/D2 sequences by maximum-likelihood analysis based on Tamura-Nei model with a Gamma distribution parameter using MEGA version 7 [19] . Positions with gaps were excluded from the analysis. Bootstrap support [20] for the tree was determined from 1000 replications.
PHYLOGENETIC PLACEMENT AND SPECIES DELINEATION
Four of the six strains investigated shared identical ITS sequences and the remaining two strains (ZIM 3477 and NCAIM Y.02180) differed only by one indel from the other strains and from each other in the ITS region. The D1/D2 LSU rRNA gene sequences were also identical for four strains, while strain NCAIM Y.02180 differed from the above-noted four strains merely by four gapped positions at two sites (1+3 indels) and strain NCAIM Y.02182 exhibited three non-contiguous substitutions. According to the guidelines [16, 21] for ascomycetous yeasts, this latter sequence variation along the D1/D2 domain does not exclude conspecificity. As NCAIM Y.02182 shared an identical ITS sequence with three strains and differed only by 1 indel from the other two strains investigated, the three substitutions in its D1/D2 region are interpreted here as intraspecific sequence variability. The conspecificity of the six strains investigated was also supported by the phylogenetic analysis of the ITS and D1/D2 LSU rRNA gene sequences (Fig. 1) . The intraspecific sequence variance in the noncoding ITS region being lower than that in the D1/D2 domain is unusual but not unprecedented. In the case of two Candida alimentaria (Yarrowia clade) strains (CBS 10149 and CBS 10151), lower sequence variance was detected in the ITS region (one character) than in the D1/D2 domain (nine characters). The conspecificity of the two strains was confirmed by DNA-DNA reassociation study [22] . A similar case was documented in the case of Yarrowia porcina. Strain NCAIM Y.02104 differed from the other six strains investigated by 5-7 substitutions in the sequences of the D1/D2 domain and only by 0-2 substitutions along the ITS regions. The conspecificity of the strains in this case was also supported by parsimony network analysis of the concatenated ITS and D1/D2 sequences and by comparison of their PCR-fingerprint patterns [13] .
BLAST search of the D1/D2 sequence of ZIM 2473 T revealed the type strain of K. capsulata (CBS 1993 T ) as the closest match with 94 % sequence similarity. The type strain of Kuraishia borneana, occupying a sister position to the novel species in the phylogenetic tree (see below), shared only 91 % D1/D2 sequence similarity with the type strain of the novel species. The ITS sequence of ZIM 2473
T and the other strains of the novel species proved to be rather divergent from the sequences available in the GenBank database. If the query coverage exceeded 80 %, the sequence similarity was below 80 %. The closest matches included K. molischiana and K. capsulata strains and the type strain of K. borneana. Maximum-likelihood analysis of the concatenated ITS and D1/D2 sequences placed the novel species in the genus Kuraishia (Fig. 1) . Although the genus had no significant statistical support, the novel species formed a well-supported subclade (bootstrap 100 %) with K. borneana, K. capsulata and K. molischiana. The phenotypic characters of the above-noted strains also meet the diagnosis of the genus Kuraishia; therefore, a novel species of the genus Kuraishia, Kuraishia mediterranea sp. nov., is proposed to accommodate the newly investigated strains.
OCCURRENCE AND IDENTIFICATION
The two Slovenian strains were recovered from olive oil sediments obtained from two producers of the same village; however, 5 years elapsed between the isolation of the two strains. They differ by one indel in the ITS region, and the intensity of their sporulation is also different. While the sporulation of strain ZIM 2473
T is abundant, ZIM 3477 sporulates sparsely. The spoiled olive oil samples yielding the other four strains considered in this study originated from the same region in Portugal ( Table 1 ). The regularly detected occurrence of methanol-utilizing yeasts on plant derived materials may be related to the production of methanol during pectin metabolism coupled to plant cell-wall synthesis [23] . We assume that K. mediterranea sp. nov. inhabits the olive surface from where it enters the olive oil, even though it can rarely be recovered from olive oil. It was isolated only from six of the more than 100 olive oil and olive oil sediment samples investigated in our laboratories so far.
The standard phenotypic characters of the K. mediterranea sp. nov. strains were rather similar; the differences observed were in the range of usual intraspecific variability. The novel species can easily be distinguished from K. borneana, its closest neighbour in the phylogenetic tree (Fig. 1) , by the assimilation of D-glucosamine, L-rhamnose, maltose, starch, ethylamine hydrochloride and cadaverine dihydrochloride, which support the growth of K. mediterranea sp. nov. but are not utilized by K. borneana, and by growth on creatinine, which is weakly utilized by K. borneana but does not support the growth of the novel species. On the contrary, it is difficult to separate K. mediterranea sp. nov. from the two phenotypically very similar species K. capsulata and K. molischiana. The only differentiating standard phenotypic character observed is the assimilation of glucosamine as a nitrogen source, which is negative in case of the novel species while K. capsulata and K. molischiana utilize this substrate as a sole nitrogen source. Like K. capsulata and K. molischiana, the novel species forms hat-shaped ascospores in deliquescent asci (Fig. 2) . Kuraishia mediterranea sp. nov. is the third species of the genus Kuraishia in which ascosporulation has been documented. Because of the minute physiological differences between the novel species, K. capsulata and K. molischiana, reliable identification must be based on DNA sequence comparisons. No lipolytic activity was detected in the K. mediterranea sp. nov. strains investigated, which is an important character from a technological point of view, because lipase-producing yeasts are potentially harmful for the organoleptic properties of olive oil since they increase its acidity by the hydrolysis of triglycerides [24] .
DESCRIPTION OF KURAISHIA MEDITERRANEA P ETER, DLAUCHY, TÓBI AS & ČADEŽ
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Kuraishia mediterranea (me.di.ter.ra¢ne.a. L. fem. adj. mediterranea from the Mediterranean region, referring to the origin of the isolates).
In 5 % malt extract after 3 days at 25 C, coherent sediment is present, pellicle is not formed. Cells are spheroid or subspheroid and measure 2-5.5 µm. Asexual reproduction proceeds by multilateral budding; cells occur singly, in pairs and in small clusters. On 5 % malt extract agar after 3 days at 25 C, the streak culture is butyrous or mucoid due to the abundant formation of capsular material (Fig. S1 , available in the online Supplementary Material), flat or moderately raised, tannish-white, smooth and glistening. The margin is entire. On slide culture with corn meal agar after 7 days at 25 C, neither pseudohyphae nor septate hyphae are formed. Ascospore formation is usually preceded by parent cell-bud conjugation or, less frequently, by conjugation of independent cells. Two easily liberating hat-shaped ascospores are formed in each deliquescent ascus (Fig. 2) . The presence of heterogamous conjugation suggests homothallism. The best ascosporulation is observed on YCB and YCBAS agars. The majority of the strains sporulate vigorously after 1 week at 25 C, while strain ZIM 3477 sporulates extremely sparsely. 
